Though the phenomenon of 'six degrees of separation' always attracts many scientists' attention, yet we haven't thoroughly understood why our social network has such highly efficient decentralized search ability. Inspired by Kleinberg's model and the fact that human travel behavior obeying power law distribution in the sense of geographical distance, we constructed a new social network model and investigated its search ability. A L × L square lattice is also employed as the ground regular network. Then for each node in the lattice, we randomly add long-range connections according to power law distribution in the lattice distance. We find that for any k-dimensional lattice, only when the exponent of the power law distribution of long-range connection is −1 will the small world network search ability reach the maximum for sufficiently large lattice, and the time complexity is O(ln(L)). This model not only presents a deeper insight of 'six degrees of separation', but also provides potential applications for the future Internet, WWW, and P2P network etc.
In the 1960s, social psychologist Stanley Milgram [1] conducted the famous 'small-world phenomenon' experiment about the letter-delivery among the acquaintances. For instance, a letter is to be delivered from a source person to a target person in different places. The source would send the letter to someone who can transmit the letter to the target as efficiently as possible. And any current letter holder would be given the same instructions until the target was reached. The average number of intermediate steps in a successful chain was about six. We call this phenomenon as 'six degrees of separation'. Recently, the 'six degrees of separation' has become the subject of both experimental and theoretical research [2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14] . But, all of these works face a tough situation that we don't accurately know the social network structure related to the decentralized search.
In 2006, D. Brockmann, L. Hufnagel and T. Geisel investigated the trajectories of bank notes in main cites of USA [15, 16] . One of their main discoveries is that the distribution of bank notes travelling distances decays as a power law, indicating that the human travel behavior are scale free random walks known as Lévy flights. From these empirical studies, we can conclude that the long-range connections in social network may have the property of Lévy flights.
So far, Kleinberg's model about the decentralized search in social networks is one of the most outstanding works in this field. Inspired by his model, according to the fact of power law distribution of human travel behavior, we present a new social network model. Like Kleinberg's model, we also employ a lattice as the ground regular network, each node u has a short-range connection to all nodes within p lattice steps, and q long-range connections generated independently from a distribution
For each longrange connection of u, we first randomly choose a distance d according to the above power law distribution. Then we randomly choose a node v from the node set in which the distance for u to each element is d. At last, we generate a directed long-range connection from u to v. Here, we think the lattice is large enough that the q long-range connections are not repeated.
We employ greedy decentralized algorithm [3] to simulate letter (navigation or search). The greedy algorithm is that the current message holder node u just needs to send the message to its neighbor node v, which is regarded as the most proximate node with the target node, until the letter reached the target. What surprise us is that for any k-dimensional lattice, a = 1 is the only exponent at which the greedy decentralized algorithm's expected time complexity (from a source to a target) is bounded by O((ln n)
2 ), where n = L 2 denotes the number of nodes in the network. The numerical experiments show that the real time complexity is O(ln n) (as shown in Fig. 1 ). When 0 ≤ a < 1, the lower bound of the expectation of delivery time complexity is O(n 1−a 3 ), and when a > 1, the lower bound of the expectation of delivery time complexity is O(n a−1 a ). Moreover, the model also can be generalized to hierarchical networks directly [5, 8] , a = 1 is also the most optimal value. It is very interesting that we can strictly prove the above results by modifying Kleinberg's beautiful mathematical proving process in [4, 5] . So, here we don't give the proofs.
We conclude that in this paper, according to human travel behavior, we present a L × L lattice based social network in which the long-range connection has the power low distribution. We find that, in the network model, only when the long-range connection distribution is P (d) ∼ d −1 , the expectation of search time complexity is the lowest, which is O(Ln(L)). But the previous research presented that the human travel behavior obey the power law distribution with the exponent −1.59 but not −1. Naturally, we get two problems to which we will pay some attentions in the further. One is whether our friends (the long-range connection in the social network) obeys the distribution of P (d) ∼ d −1 or not in the sense of geographical distance; the other is whether there exist other social network models and the corresponding more efficient decentralized searching algorithm. From the plot we get when a ≈ 1, the time complexity is the lowest. The right plot shows the time complexity of Kleinberg model [3] and our model both in the optimal exponents respectively. From the plot we can find that the time complexity of our model is much lower than Kleinberg's model. Moreover, from the trend of the square points, the slope is more than 65 for large lattice in Kleinberg's model.
